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=> s dimerization (p) domain (p) nuclear (p) receptor (p) fusion 

LI 84 DIMERIZATION (P) DOMAIN (P) NUCLEAR (P) RECEPTOR (P) FUSION 

=> dup rem 11 

PROCESSING COMPLETED FOR LI 

L2 2 8 DUP REM LI (56 DUPLICATES REMOVED) 

=> s dimerization (p) domain (p) nuclear (p) receptor (p) fusion (p) chimera 
L3 12 DIMERIZATION (P) DOMAIN (P) NUCLEAR (P) RECEPTOR (P) FUSION (P) 

CHIMERA 

=> dup rem 13 1 

ENTER L# LIST OR (END) :13 

•Lll' 1 IS NOT VALID. VALID FILE NAMES ARE 1 MEDLINE, BIOSIS, EMBASE, CAPLUS' 
You have entered a file name of duplicates to keep that is not 
referenced by any of the L#s specified for this DUPLICATE command. 
The file names of duplicates that can be kept are listed above. 
Please enter one of these file names. 

=> dup rem 13 

PROCESSING COMPLETED FOR L3 

L4 3 DUP REM L3 (9 DUPLICATES REMOVED) 

=> s dimerization (p) domain (p) nuclear (p) receptor (p) chimera 

L 5 40 DIMERIZATION (P) DOMAIN (P) NUCLEAR (P) RECEPTOR (P) CHIMERA 

=> dup rem 15 

PROCESSING COMPLETED FOR L5 

L6 10 DUP REM L5 (3 0 DUPLICATES REMOVED) 

=> d his 

(FILE 'HOME' ENTERED AT 13:22:44 ON 04 AUG 2004) 

FILE 'MEDLINE, BIOSIS, EMBASE, CAPLUS' ENTERED AT 13:22:53 ON 04 AUG 2004 



L1 84 S DIMERIZATION (P) DOMAIN (P) NUCLEAR (P) RECEPTOR (P) FUSION 

2 8 DUP REM LI (56 DUPLICATES REMOVED) 
L3 12 S DIMERIZATION (P) DOMAIN (P) NUCLEAR (P) RECEPTOR (P) FUSION ( 

L4 3 DUP REM L3 (9 DUPLICATES REMOVED) 

L5 40 S DIMERIZATION (P) DOMAIN (P) NUCLEAR (P) RECEPTOR (P) CHIMERA 

10 DUP REM L5 (30 DUPLICATES REMOVED) 



=> d 12 total ibib kwic 
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AB 



Properties of the TPR-MET Receptor Tyrosine Kinase 
Hays, John L.; Watowich, Stanley J. 

Department of Human Biological Chemistry and Genetics 
and Sealy Center for Structural Biology, University of 
Texas Medical Branch, Galveston, TX, 77555-0645, USA 
Biochemistry (2004), 43(32), 10570-10578 
CODEN: BICHAW; ISSN: 0006-2960 
American Chemical Society 
Journal 
English 

43 THERE ARE 43 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
Although oligomerization of receptor tyrosine kinases (RTKs) is 
necessary for receptor activation and signaling, a quant. 

understanding of how oligomerization mediates these critical processes does 
not exist. We present a comparative thermodn. anal, of functionally 
active dimeric and functionally inactive monomeric soluble analogs of the 
c-MET RTK, which clearly reveal that oligomerization regulates the binding 
affinity and binding kinetics of the kinase toward ATP and tyrosine -containing 
peptide substrates. Thermodn. binding data for oligomeric c-MET were 
obtained from the dimeric TPR-MET oncoprotein, a functionally active 
fusion derivative of the c-MET RTK. This naturally occurring 
oncoprotein contains the cytoplasmic domain of c-MET fused to a 
coiled coil dimerization domain from the 

nuclear pore complex. Comparative data were obtained from a soluble 
monomeric kinase compromising the c-MET cytoplasmic domain 

(cytoMET) . Significantly, under equilibrium binding conditions, the oligomeric 
phosphorylated kinase showed a significantly lower dissociation constant 

(Kd,dimer = 11 uM) for a tyrosine -containing peptide derived from the 
C-terminal tail of the c-MET RTK when compared to the phosphorylated 
monomeric kinase cytoMET (Kd, monomer = 140 jaM) . Surprisingly, equilibrium 
dissociation consts. measured for the kinase and ATP were independent of the 
oligomerization state of the kinase (.apprx.10 uM) . Stopped-flow anal, 
of peptide substrate binding showed that the association rate consts. (k2) 
differed 2-fold and dissociation rate consts. (k-2) differed 10-fold when 
phosphorylated TPR-MET was compared to phosphorylated cytoMET. ATP 
binding abrogated the differences in k2 rates observed between the two 
oligomeric states of the c-MET cytoplasmic domain. These 

results clearly imply that oligomerization induces important thermodn. and 
conformational changes in the substrate binding regions of the c-MET 
protein and provide quant, mechanistic insights into the necessary role of 
oligomerization in RTK activation. 
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2 8 MEDLINE on STN DUPLICATE 1 , 

2 0042 77669 MEDLINE 
PubMed ID: 15178411 

Controlled transcriptional regulation in eukaryotes by a 
novel transcription factor derived from Escherichia coli 
purine repressor. 

Yeon Eun-Hee; Noh Ju-Young; Kim Jong-Min; Lee Min-Young; 
Yoon Sarah; Park Sang-Kyu; Choi Kang-Yell; Kim Kyung-Sup 
Department of Biochemistry and Molecular Biology, Institute 
of Genetic Science, Yonsei University, College of Medicine, 
134 Shinchon-dong, Seodaemun-gu, Seoul 120-752, Republic of 
Korea . 

Biochemical and biophysical research communications, (2004 
Jun 25) 319 (2) 334-41. 

Journal code: 0372516. ISSN: 0006-291X. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200407 

Entered STN: 20040606 



Last Updated on STN: 20040721 

Entered Medline: 20040720 
AB Unlike the DNA-binding domains (DBD) of most eukaryotic 

transcription factors, Escherichia coli Lad family transcription factors 
are unable to bind to specific target DNA sequences without a 
cofactor-binding domain. In the present study, we reconstructed 
a novel DBD designated as PurHG, which binds constitutively to a 16bp 
purine repressor operator, by fusion of the purine repressor 
(PurR) DBD (residues 1-57) and the GAL 4 dimerization 
domain (DD, residues 42-148) . Binding of PurHG to DNA requires 
the dimerization and a hinge helix of PurR DBD. When the PurHG 
was expressed as a fusion protein in a form of a transcription 
activator (PurAD) or an artificial nuclear receptor 

(PurAPR or PurAER) responding to ligand, such as RU486 or beta-estradiol , 
it could regulate the expression of the reporter genes. . . residues 
from 42 to 75 were sufficient for ligand-dependent regulation in the form 
of PurAPR. These results suggest that the dimerization function 
of the progesterone ligand-binding domain could be substituted 
for region 76-98 of the GAL 4 DD. In summary, the fusion of the 
PurR DBD and the GAL 4 DD generates fully active DNA-binding protein, 
PurHG, in vitro and in vivo, and. 
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ACCESSION NUMBER: 2003073778 MEDLINE 
DOCUMENT NUMBER: PubMed ID: 12584566 

TITLE: Essential role for the dimerization domain of NuMA-RARalpha 

in its oncogenic activities and localization to NuMA sites 
within the nucleus. 

AUTHOR: Dong Shuo; Qiu Jihui; Stenoien David L; Brinkley William R; 

Mancini Michael A; Tweardy David J 
CORPORATE SOURCE: Section of Infectious Disease, Department of Medicine, 

Baylor College of Medicine, Houston, TX 77030, USA. 
SOURCE: Oncogene, (2003 Feb 13) 22 (6) 858-68. 

Journal code: 8711562. ISSN: 0950-9232. 
PUB. COUNTRY: England: United Kingdom 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 
FILE SEGMENT: Priority Journals 

ENTRY MONTH: 2 003 03 

ENTRY DATE: Entered STN: 2 003 0214 

Last Updated on STN : 20030304 

Entered Medline: 20030303 
AB Nuclear mitotic apparatus protein-retinoic acid receptor 

alpha (NuMA-RARalpha) is the fourth of five fusion proteins 

identified in acute promyelocytic leukemia (APL) patients. The molecular 

basis for its oncogenic activity has not been delineated. In. . M 

and became associated with the coactivator TRAM- 1 at 10 (-8) M ATRA. 

Studies comparing NuMA-RARalpha with NuMA-RARalpha (del taCC) demonstrated 

that the dimerization or alpha-helical coiled-coil 

domain of NuMA was required for homodimer formation, 

transcriptional repression of wild-type RARalpha, transcriptional 

activation of STAT3 , and stability of the. . . (YFP) -NuMA. In 

contrast, CFP -NuMA - RARa lpha (del taCC) exhibited a diffuse granular pattern 

within the nucleus, similar to RARalpha. These results indicate that the 

dimerization domain of NuMA-RARalpha is critical for 

each of the known oncogenic activities of NuMA fusion proteins 

as well as its sequestration to nuclear sites normally occupied 

by NuMA and is distinct from RARalpha. 
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APL-associated t(ll;17) translocation product PLZF/RAR . 
Seshire, Anita [Reprint Author] ; Zheng, Xiaomin [Reprint 
Author] ; Brambilla, Daria; Ottmann, Oliver G. [Reprint 
Author]/ Hoelzer, Dieter [Reprint Author]; Nervi, Clara; 
Puccetti, Elena [Reprint Author] ; Ruthardt, Martin [Reprint 
Author] 

Med. Klinik III/Haematologie , Klinikum der J. W. Goethe 
Universitaet , Frankfurt, Germany 

Blood, (November 16 2003) Vol. 102, No. 11, pp. 589a. 
print . 

Meeting Info. : 45th Annual Meeting of the American Society 
of Hematology. San Diego, CA, USA. December 06-09, 2003. 
American Society of Hematology. 
CODEN: BLOOAW. ISSN: 0006-4971. 
Conference ; (Meeting) 

(Meeting Poster) 
Abstract; (Meeting Abstract) 



Conference ; 
Conference; 
English 
Entered STN 



17 Mar 2004 
Last Updated on STN: 17 Mar 2004 
AB. . . t(ll;17) are responsible for the induction of the leukemic 

phenotype. Both translocations involve the same parts of the retinoic 
acid receptor (RAR) and the PML or PLZF nuclear 
proteins. Both APL fusion proteins form high molecular weight 
complexes (HMW) by oligomerization and aberrantly bind the histone 
deacetylase recruiting-nuclear co-repressor complex 
(co-repressors) . In wild-type (wt) PLZF the BTB/POZ- domain is 
indispensable for its capacity to form HMW. Several point mutations in 
the BTB/POZ domain such as R49D, Y88A and L103E abolish the 
oligomerization of PLZF, and symmetry-related residues from each of the 
POZ monomers. . . residues are replaced by neutral, polar residues, 
still dimerize but is unable to bind to co-repressors. Also in the 
PLZF/RAR fusion protein oligomerization is mediated by the 
N- terminal BTB/POZ domain. In this work we tried to disclose 
the role of dimerization separately from that of the 

co-repressor binding for the PLZF/RAR-related leukemic phenotype. Hence 

we studied the effect of the mutations. . . increased significantly the 

colony formation capacity of Scal+/lin- cells and their self renewal; ii) 

the mutations R49D and Y88A inhibited dimerization not only of 

PLZF but also of PLZF/RAR, whereas the double mutation D35N-R49Q still 

allowed to PLZF/RAR to dimerize; iii) PLZF/RAR related block of 

G/GM-CSF- induced differentiation requires both dimerization as 

well as an intact charged pocket for the binding to the co-repressors; iv) 

the point mutations (R49D, Y88A, L103E) which interferes with 

dimerization, and the double mutation D35N-R49Q, which interferes 

in PLZF with the binding to co-repressors, reduced the self renewal of 

PLZF/RAR positive stem cells to control levels. Taken together these data 

show that the simple dimerization of PLZF/RAR is not enough for 

the maintenance of the PLZF/RAR- induced phenotype. In fact the formation 

of a functional charged. . . essential for binding to co-repressors, 

seems to be indispensable for the PLZF/RAR- induced leukemogenesis . These 

data establish the charged pocket in BTB/POZ -domains of 

oncogenic proteins such as PLZF/RAR or BCL-6 as a major target for 

molecular new approaches of molecular therapy. 
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Analysis of estrogen receptor splice variants responsible 
for neuroprotection. 

Wang, J. [Reprint Author]; Brinton, R. D . 

Dept. Mol. Pharmacol, and Toxicology, Sch. of Pharm., USC, 
Los Angeles, CA, USA 

Society for Neuroscience Abstract Viewer and Itinerary 



AB 



Planner, (2003) Vol. 2003, pp. Abstract No. 504.16. 
http : //sf n. scholarone . com. e-f ile . 

Meeting Info.: 33rd Annual Meeting of the Society of 

Neuroscience. New Orleans, LA, USA. November 08-12, 2003. 

Society of Neuroscience. 
DOCUMENT TYPE: Conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LANGUAGE : Eng 1 i s h 

ENTRY DATE: Entered STN : 14 Apr 2 004 

Last Updated on STN: 14 Apr 2004 
via activation of indirect genomic signaling cascasdes. Recent 
reports have demonstrated a number of RNA splicing variants for both 
estrogen receptor alpha and beta. We seek to determine whether 
splice variants of the ER are expressed in neurons and whether one. 
to E2 -induced neuroprotection. Analysis of the amino acid structure of 
these splice variants, indicate variants with a truncated DNA binding 
domain in which the second zinc finger and the 
dimerization domain are deleted. In addition, the 
nuclear translocation domain is also deleted. In 

contrast, a splice variant of the ERbeta contains an additional 18 amino 
acid insert at the ligand binding domain. Based on these 
analyses, we propose that these particular variants of ER may play a 
prominent role in mediating the. . . signaling cascades by estrogen. 
For this purpose, we constructed an ER splice variants and Clontech 
eGFP-C3 vector to create ER-GFP fusion proteins. The ER splice 
variant -GFP fusion protein will be used to determine the 
dynamics of the individual receptor splicing variant in HT-22 
cells and rat hippocampal cells in primary culture. Using an 
overexpression and visible ER model system, . 
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ACCESSION NUMBER: 2002424540 MEDLINE 
DOCUMENT NUMBER: PubMed ID: 12180985 

TITLE: Domains of ERRgamma that mediate homodimerization and 

interaction with factors stimulating DNA binding. 

AUTHOR: Hentschke Moritz; Susens Ute; Borgmeyer Uwe 

CORPORATE SOURCE: Zentrum fur Molekulare Neurobiologie Hamburg (ZMNH) , 

Universitat Hamburg, Germany. 

SOURCE: European journal of biochemistry / FEBS, (2002 Aug) 269 

(16) 4086-97. 

Journal code: 0107600. ISSN: 0014-2956. 
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DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 
FILE SEGMENT: Priority Journals 

ENTRY MONTH: 2 00210 

ENTRY DATE: Entered STN: 20020816 

Last Updated on STN: 20021011 
Entered Medline: 20021010 

AB The estrogen receptor-related receptor gamma 

( ERRgamma /ERR3/NR3B 3 ) is an orphan member of the nuclear 

receptor superfamily closely related to the estrogen 

receptors. To explore the DNA binding characteristics, the 

protein-DNA interaction was studied in electrophoretic mobility shift 

assays (EMS As ) . In vitro translated ERRgamma binds as a homodimer to 

direct repeats (DR) without spacing of the nuclear 

receptor half -site 5 ' -AGGTCA-3 ' (DR-0) , to extended half -sites, 

and to the inverted estrogen response element. Using ERRgamma deletion 

constructs, binding was found to be dependent on the presence of sequences 

in the ligand binding domain (LBD) . A far-Western analysis 

revealed that ERRgamma forms dimers even in the absence of DNA. Two 

elements, located in the hinge region and in the LBD, respectively, are 

necessary for DNA- independent dimerization. DNA binding of 

bacterial expressed ERRgamma requires additional factors present in the 



serum and in cellular extracts. Fusion proteins of the germ 
cell nuclear factor (GCNF/NR6A1) with ERRgamma showed that the 
characteristic feature to be stimulated by additional factors can be 
transferred to a. 
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functional entities and methods of their use 
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PCT Int. Appl. , 60 pp. 
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Patent 
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The invention provides chimeric proteins having at least two functional 
protein units, each containing the dimerization domain of 
a member of the steroid/thyroid hormone nuclear receptor 

superfamily. The chimeric proteins can fold under crystallization conditions 

form functional entities. The functional entities optionally contain a 
novel flexible peptide linker of variable lengths between at least two of 
the protein units. In a preferred embodiment, the linker is designed to 
be increased in increments of 12 amino acids each to aid in preparation of 
variant chimeric proteins. The DNA binding characteristics of the 
invention functional entities differ from those of wild-type complexes 
formed between "monomeric " receptors and their binding partners. 
Some functional entities, e.g. dimers expressed as fusion 
proteins, transactivate responsive promoters in a manner similar to 
wild- type complexes, while others do not promote transactivation and 
function instead essentially as constitutive repressors. The invention 
further provides nucleotide sequences encoding the invention chimeric 
proteins, cells containing such nucleotide sequences, and methods for using 
the invention chimeric proteins to modulate expression of one or more 
exogenous genes in a subject organism. In addition, isolated protein 
crystals suitable for x-ray diffraction anal, and methods for obtaining 
putative ligands for the invention chimeric proteins are provided. 
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PUB. COUNTRY: United States 
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AB The identification of a novel coregulator for nuclear hormone 

receptors, designated NRIF3 , was recently reported (D. Li et al . , 

Mol. Cell. Biol. 19:7191-7202, 1999). Unlike most known coactivators , 

NRIF3 exhibits a distinct receptor specificity in interacting 

with and potentiating the activity of only TRs and RXRs but not other 

examined nuclear receptors. However, the molecular 

basis underlying such specificity is unclear. In this report, we extended 
our study of NRIF3 -receptor interactions. Our results suggest a 
bivalent interaction model, where a single NRIF3 molecule utilizes both 
the C-terminal LXXIL (receptor-interacting domain 1 

[RID1] ) and the N-terminal LXXLL (RID2) modules to cooperatively interact 
with TR or RXR (presumably a receptor dimer) , with the spacing 
between RID1 and RID2 playing an important role in influencing the 
affinity of the interactions. During the course of these studies, we also 
uncovered an NRIF3 -NRIF3 interaction domain. Deletion and 
mutagenesis analyses mapped the dimerization domain to 

a region in the middle of NRIF3 (residues 84 to 112) , which is predicted 

to form a coiled-coil structure and contains a putative leucine 

zipper-like motif. By using Gal4 fusion constructs, we 

identified an autonomous transactivation domain (AD1) at the C 

terminus of NRIF3 . Somewhat surprisingly, full-length NRIF3 fused to the 

DNA-binding domain of Gal4 was found to repress transcription of 

a Gal4 reporter. Further analyses mapped a novel repression 

domain (RepDl) to a small region at the N-terminal portion of 

NRIF3 (residues 20 to 50) . The NRIF3 gene encodes atomic . . additional 

isoforms due to alternative splicing. These two isoforms contain the same 

RepDl region as NRIF3 . Consistent with this, Gal4 fusions of 

these two isoforms were also found to repress transcription. 

Cotransf ection of NRIF3 or its two isoforms did not relieve the 

transrepression function mediated by their corresponding Gal4 

fusion proteins, suggesting that the repression involves a 

mechanism (s) other than the recruitment of a titratable corepressor. 

Interestingly, a single amino. . . regulation by cellular signaling. 

Taken together, our results identify NRIF3 as an interesting coregulator 

that possesses both transactivation and transrepression domains 

and/or functions. Collectively, the NRIF3 family of coregulators (which 

includes NRIF3 and its other isoforms) may play dual roles in. 
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Transcription activators have two modules, such as DNA-binding 
domain (DBD) and activator domain (ADs) , which act 

independently. Artificial transcription factor could be created by 
generating chimeric fusion proteins between DBDs and ADs 
originated from different transcription activators. The development of 
wide spectrum of DBD enable the broader applications of artificial 
transcription factors. In this study, we created the new DBD by 
fusion of amino -terminal 45 residues of purine repressor DBD and 
dimerization domain (DD) of GAL 4 transcription factor. 

The carboxy terminal 9 amino acids of 45 amino acid purine repressor and 
the close positioning of two purine repressor DBDs by GAL4 DD are critical 
to DNA-binding activity. The reconstituted DNA-binding domain 
was fused to ligand binding domain (LBD) of progesterone 
receptor (PR) and AD of SREBPla, and was expressed in NIH 3T3 
cells. The artificial nuclear receptor activated 

lucif erase reporter expression 63 folds by addition of RU486. This 
activation was blunted by increasing the expression of GAL 4 ... to 
inactivation of DNA binding activity of purine repressor DBD -GAL 4 DD by 
heterodimerization with GAL 4 DBD. We concluded that the fusion 
of purine repressor DBD and GAL 4 DD generated fully active DBD in vitro 
and in vivo. 
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* ■ * a chromosomal translocation that combines a sequence-specific DNA 
binding protein, AML1, with a potent transcriptional repressor, ETO. ETO 
interacts with nuclear receptor corepressors SMRT and 

N-CoR, which recruit his tone deacetylase to the AML1-ETO oncoprotein. 
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SMRT-N-CoR interaction requires each of two zinc fingers. . . ETO, as 
well as for inhibition of hematopoietic differentiation by AML1-ET0 . NHR2 
mediates oligomerization of ETO as well as AML1-ET0. Fusion of 
NHR4 polypeptide to a heterologous dimerization domain 

allows strong interaction with SMRT in vitro. These data support a model 
in which NHR2 and NHR4 have complementary functions in repression by ETO. 
NHR2 functions as an oligomerization domain bringing together 
NHR4 polypeptides that together form the surface required for 
high-affinity interaction with corepressors . As nuclear 
receptors also interact with corepressors as dimers, 
oligomerization may be a common mechanism regulating corepressor 
interactions . 
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times more potent transcriptionally than the natural hormone. To 
determine whether this enhanced activity is mediated through modulation of 
the dimerization process or through interaction with 

coactivators, we performed quantitative protein-protein interaction assays 
with in vitro translated vitamin D receptor (ivtVDR) and 
fusion proteins containing glutathione-S-transf erase (GST) and 
either the ligand-binding domain of retinoid X receptor 
(RXRalpha) , or the nuclear receptor-interacting 
domain of the steroid receptor coactivator 1 (SRC-1) , or 
the glucocorticoid receptor-interacting protein 1 (GRIP-1) . We 
found that heterodimerization of the ligand-binding domains of 
RXRalpha and VDR was primarily deltanoid dependent as was the interaction 
of VDR with the SRC-1 or with GRIP-1. . . . interaction of VDR with 
GRIP-1 (ED50 = 0.1-0.3 nM) . Mutations in heptad 9 diminished both 1,25D3 
and the 20-epi analog-mediated dimerization, without changing 
binding of these ligands to VDR . Mutations in VDR's activation function 2 
(AF-2) domain/helix 12 residues diminished the ability of 1,25D3 
to induce heterodimerization and interaction with SRC-1. These mutations 
did not change the ability of 20-epi-l , 25D3 to induce dimerization 
but did diminish its ability to induce interaction with SRC-1. We 
hypothesize that both the hormone and the analog stabilize 
receptor conformations that expose VDR's functional interfaces. 
The mechanisms by which the two ligands expose these functional interfaces 
differ with respect to participation of the AF-2 domain. 
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AB- • • and relocated to the cytoplasm where it can be reactivated, 

completing an activation-inactivation cycle. To clarify the mechanisms 

regulating the nuclear translocation and nuclear 

withdrawal of StatS, we analyzed translocation of various mutants StatS in 
mIL-3 dependent Ba/F3 cells. We first confirmed that StatSB, either 
stably expressed as GFP fusion protein or transiently expressed 
as FLAG fusion protein in Ba/F3 cells, was localized 

predominantly in the cytoplasm after factor depletion, and translocated to 
the nucleus upon factor stimulation. In COS7 and NIH3T3 cells, 
over-expressed tagged-StatSB mainly localized in cytoplasm. Leptomycin B 
(LMB) , a specific inhibitor of nuclear export receptor 

CRM1, inhibited the cytoplasm accumulation of StatSB in factor-depleted 
Ba/F3 cells. The cytoplasmic localization of Stat5B in COS7 and NIH3T3 . 

in the presence of LMB. Surprisingly, mutation of the critical 
tyrosine residue Tyr699 of StatSB did not affect this LMB-provoked 
nuclear accumulation. These results suggest that tyrosine residue 
independent nuclear/cytoplasm shuttling exist regardless of 
cytokine stimulation and nuclear export of STATSB is CRM1 
dependent. Furthermore, we identified an amino- terminal leucine 
zipper-like region and a region surrounding dimerization 
domain of StatSB critical for its active nuclear import 

and export, respectively. Our results suggest that Stats shuttle between 
the cytoplasm and the nucleus in both factor dependent and independent 
manners, and subcellular distribution of StatS depends on the balance 
between the constitutive StatS nuclear import and the 
dimerization-regulated StatS nuclear export. 
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AB The majority of pediatric anaplastic large cell lymphomas (ALCL) carry a 

specific chromosomal translocation, t (2 ; 5) (p23 ;q35) that juxtaposes the 

putative dimerization domain of nucleophosmin (NPM) 

with the orphan receptor tyrosine kinase, anaplastic lymphoma 

kinase (ALK) . The NPM-ALK fusion appears to induce 

constitutive, ligand- independent activation of the ALK protein leading to 



aberrant phosphorylation of other cellular signaling proteins. To further 

study the early consequences of aberrant ALK activation, we constructed a 

Myc epitope tagged GyrB-ALK fusion that allows regulated 

dimerization. We utilized coumermycin to induce 

dimerization and subsequent activation of the GyrB-ALK 

fusion. A dose -dependent increase in tyrosine phosphorylation of 

the GyrB-ALK fusion was seen following the addition of drug to 

both reticulocyte lysates and fibroblast cell lines expressing the 

fusion construct. We also observed a dose -dependent increase in 

the level of tyrosine phosphorylation of other undefined cellular proteins 

after coumermycin treatment, suggesting that ALK activation by 

dimerization leads not only to autophosphorylation, but also to 

the direct, or indirect modification of other cellular proteins. While 

performing gene dosage studies with the GyrB-ALK fusion 

construct, we observed an increase in the expression of a protein the 

approximate size of c -Myc by Western blotting. We extended. 

significance of this finding, we investigated expression patterns of c-Myc 

and ALK by immunohistochemical analysis in childhood ALCL tumor samples. 

Nuclear co-expression of c-Myc and ALK was seen in tumor cells in 

15 of 15 (100%) ALCL samples carrying the t(2;5). 
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^ ... a pivotal role in cardiac morphogenesis and function. To 

identify proteins that serve as interacting partners of the retinoid X 

receptor alpha (RXRalpha) in heart, DNA-protein binding studies 

were performed with an RXR- responsive element (NRRE-1) derived from the 

medium chain acyl-CoA dehydrogenase gene promoter and nuclear 

protein extracts prepared from adult rat heart. NRRE-1 is a pleiotropic 

RXR -responsive element comprised of three potential recognition sites for 

class II members of the nuclear receptor superfamily. 

Gel mobility shift assays performed with an NRRE-1 probe in the absence or 
presence of bacterially overproduced RXRalpha and nuclear 

protein extracts prepared from adult rat heart, liver, or brain identified 
a cardiac-specific, RXR-dependent DNA-protein interaction. The 
NRRE-1-RXR. cardiac -enriched RXR-interacting protein (CERIP) complex 
exhibited a distinct mobility compared with NRRE- 1 -RXR .peroxisome 
proliferator-activated receptor, NRRE- 1 -RXR. ret inoic acid 
receptor, or NRRE-1 -RXR. thyroid receptor complexes. 

Mutational analysis demonstrated that two of the three potential binding 

half -sites of NRRE-1 (an everted repeat separated by an. . . CERIP 

interaction. Gel mobility shift assays demonstrated that CERIP interacted 

with RXRalpha and RXRgamma but not with RXRbeta, indicating a 

receptor subtypespecif ic binding preference and suggesting an RXR 

AB region-dependent interaction. The RXR. CERIP complex did not form on 



NRRE-1 when a mutant GST-RXRalpha fusion protein lacking the 
NH (2) -terminal AB region (but containing the receptor 
dimerization domain) of RXRalpha was added in place of 

the full-length RXRalpha, confirming a role for the AB region in the RXR. . 
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. RA-sensitivity in APL is mediated by its oncogenic protein, which 
results from the recombination of the PML and the RA receptor 
alpha (RAR alpha) genes (PML/RAR alpha fusion protein) . Ectopic 
expression of PML/RAR alpha into haemopoietic cell lines results in 
increased response to RA-induced differentiation. By structure-function 
analysis of PML/RAR alpha-mediated RA-dif f erentiation, we demonstrated 
that fusion of PML and RAR alpha sequences and integrity of the 
PML dimerization domain and of the RAR alpha DNA 
binding region are required for the effect of PML/RAR alpha on 
RA-dif f erentiation. Indeed, direct fusion of the PML 
dimerization domain to the N- or C-terminal extremities 
of RAR alpha retained full biological activity. All the biologically 
active PML/RAR alpha mutants formed high molecular weight complexes in 
vivo. Functional analysis of mutations within the PML 
dimerization domain revealed that the capacity to form 
PML/RAR alpha homodimers, but not PML/RAR alpha-PML heterodimers , 
correlated with the RA-response. These results suggest that targeting of 
RAR alpha sequences by the PML dimerization domain and 
formation of nuclear PML/RAR alpha homodimeric complexes are 
crucial for the ability of PML/RAR alpha to mediate RA-response. 
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AB Many cytokine receptors employ Janus protein tyrosine kinases 

(Jaks) and signal transducers and activators of transcription (Stats) for 
nuclear signaling. Here, we have established yeast strains in 
which an autoactivated Jak2 kinase induces tyrosine phosphorylation, 
dimerization, nuclear translocation, and DNA binding of 
a concomitantly expressed StatS protein. Transcriptional activity of 
StatS on a stably integrated, Stat -dependent reporter gene required the 
C- terminal fusion of the VP16 transactivation domain. 

In such yeast strains, the interaction between Jak2 and Stat5 was analyzed 

without interference by other mammalian proteins involved in. . .be 

stable under stringent co-immunoprecipitation conditions. Deletion of the 

Jak homology regions 2-7 (JH2-JH7) of Jak2 , leaving only the kinase 

domain (JH1) intact, reduced the ability of the kinase to 

phosphorylate StatS, whereas deletion of the JH2 domain caused 

an increased enzymatic activity. A site-directed R618K mutation in the 

StatS SH2 domain abolished the phosphorylation by Jak2, while 

deletion of the C terminus led to StatS hyperphosphorylation. A single 

phosphotyrosine-SH2 domain interaction was sufficient for the 

dimerization of StatS, but such dimers bound to DNA very 

inefficiently. Together, our data show that yeast cells are appropriate 

tools for studying Jak-Stat or Stat-Stat interactions. Our mutational 

analysis suggests that the StatS SH2 domain is essential for the 

interaction with Jak2 and that the kinase domain of Jak2 is 

sufficient for Jak2 -StatS interaction. Therefore, the Jak kinase 

domain may be all that is needed to cause Stat phosphorylation in 

situations where receptor docking is dispensable. 
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AB A subset of nuclear receptors, including those for 

thyroid hormone (TR) , retinoic acid, vitamin D3 , and eicosanoids, can form 
heterodimers with the retinoid X receptor (RXR) on DNA 
regulatory elements in the absence of their cognate ligands. In a 
mammalian two-hybrid assay, we have found that recruitment of a VP16-RXR 
chimera by a Gal4-TRbeta ligand-binding domain fusion 

is enhanced up to 50-fold by thyroid hormone (T3). This was also observed 
with a mutant fusion, Gal4 -TR (L454A) , lacking ligand- inducible 
activation function (AF-2) and unable to interact with putative 
coactivators, suggesting that the AF-2 activity of TR or intermediary 
cof actors is not involved in this effect. The wild-type and mutant 
Gal4 -TR fusions also exhibited hormone -dependent recruitment of 
RXR in yeast. Hormone -dependent recruitment of RXR was also evident with 
another Gal4 -TR mutant, AHTm, which does not interact with the 



nuclear receptor corepressor N-CoR, suggesting that 

ligand-enhanced dimerization is not a result of T3- induced 

corepressor release. Finally, we have shown that the interaction between 

RXR and TR is. . . effect. We propose that ligand- dependent 

heterodimerization of TR and RXR in solution may provide a further level 

of control in nuclear receptor signaling. 
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Retinoic acid exerts many of its biological effects by interaction with 
heterocomplexes of nuclear retinoic acid receptors 
(RARs) and retinoid X receptors (RXRs) . To further examine this 
interaction, a glutathione S-transf erase (GST) fusion protein 
containing the ligand binding domain of human RXR alpha has been 
used to copurify the ligand binding domain of human RAR gamma by 
affinity chromatography over glutathione -agarose . Complexes of 
recombinant RAR-RXR ligand binding domains retaining full ligand 
binding capacity were purified, and their interactions with various 
retinoids were characterized by fluorometric titration and photoaf f inity . 

. These results suggest that certain retinoids could potentially 
perturb the distribution of endogenous retinoic acid between the CRABPs 
and the nuclear receptors and thus affect retinoid 

signaling. The purified recombinant complexes should provide a useful 
model system for further structural analysis of the dimerization 
interface between the RAR and RXR ligand binding domains. 
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AB The NPM-ALK fusion gene, formed by the t{2;5) (p23;q35) 

translocation in non-Hodgkin ' s lymphoma, encodes a 75-kDa hybrid protein 
that contains the amino- terminal 117 amino acid residues of the nucleolar 
phosphoprotein nucleophosmin (NPM) joined to the entire cytoplasmic 
portion of the receptor tyrosine kinase ALK (anaplastic lymphoma 
kinase) . Here, we demonstrate the transforming ability of NPM-ALK and 
show that oncogenesis by the. . . fractionation studies of the t(2;5) 
translocation-containing lymphoma cell line SUP-M2 showed NPM-ALK to be 
localized within both the cytoplasmic and nuclear compartments. 
Immunostaining performed with both polyclonal and monoclonal ant i -ALK 
antibodies confirmed the dual location of the oncoprotein and also 
indicated. . . form complexes, lacked kinase activity in vivo, and 
failed to transform cells. However, NPM could be functionally replaced in 
the fusion protein with the portion of the unrelated 

translocated promoter region (TPR) protein that activates the TPR-MET 
fusion kinase by mediating dimerization through its 

leucine zipper motif. This engineered TPR-ALK hybrid protein, which 
transformed cells almost as efficiently as NPM-ALK, was localized solely 
within the cytoplasm of cells. These data indicate that the 
nuclear and nucleolar localization of NPM-ALK, which probably 
occur because of transport via the shuttling activity of NPM, is not 
required for oncogenesis. Further, the activation of the truncated ALK 
protein by a completely heterologous oligomerization domain 
suggests that the functionally important role of the NPM segment of 
NPM-ALK in transformation is restricted to the formation of. 
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AB Unliganded thyroid hormone receptor (TR) functions as a 

transcriptional repressor of genes bearing thyroid hormone response 
elements in their promoters. Binding of hormonal ligand to the 
receptor releases the transcriptional silencing and leads to gene 
activation. Previous studies showed that the silencing activity of TR is 
located within the C-terminal ligand-binding domain (LBD) of the 
receptor. To dissect the role of the LBD in receptor 

-mediated silencing, we used a cell-free transcription system containing 
HeLa nuclear extracts in which exogenously added unliganded 
TRbeta repressed the basal level of RNA polymerase II-driven transcription 
from a thyroid hormone. . . with a peptide fragment containing the 
entire LBD (positions 145 to 456) of TRbeta. This peptide, which lacks 
the DNA-binding domain, did not affect basal RNA synthesis from 
the thyroid hormone response element -linked promoter when added to a 
cell-free transcription reaction. . . mixture. However, the addition 
of the LBD peptide to a reaction mixture containing TRbeta led to a 
complete reversal of receptor-mediated transcriptional silencing 
in the absence of thyroid hormone. An LBD peptide harboring point 
mutations, which severely impair receptor dimerization 

, also inhibited efficiently the silencing activity of TR, indicating that 

the relief of repression by the LBD was not due to the sequestration of TR 

or its heterodimeric partner retinoid X receptor into inactive 

homo- or heterodimers . We postulate that the LBD peptide competed with TR 

for a regulatory molecule, termed a corepressor, that exists in the HeLa 

nuclear extracts and is essential for efficient receptor 

-mediated gene repression. We have identified the region from positions 

145 to 260 (the D domain) of the LBD as a potential binding site 

of the putative corepressor. We observed further that a peptide 

containing the LBD of retinoic acid receptor (RAR) competed for 

TR-mediated silencing, suggesting that the RAR LBD may bind to the same 

corepressor activity as the TR. . . corepressor is ligand dependent. 

Finally, we provide strong biochemical evidence supporting the existence 

of the corepressor activity in the HeLa nuclear extracts. Our 

studies demonstrated that the silencing activity of TR was greatly reduced 

in the nuclear extracts preincubated with immobilized, 

hormone-free glutathione S-transf erase-LBD fusion proteins, 

indicating that the corepressor activity was depleted from these extracts 

through protein-protein interactions with the LBD. Similar treatment with 

immobilized, hormone-bound glutathione S-transf erase-LBD, on the other 

hand, failed to deplete the corepressor activity from the nuclear 

extracts, indicating that ligand binding to the LBD disrupts its 

interaction with the corepressor. From these results, we propose that a 

corepressor binds to the LBD of unliganded TR and critically influences 

the interaction of the receptor with the basal transcription 

machinery to promote silencing. Ligand binding to TR results in the 

release of the corepressor from. 
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Acute promyelocytic leukemia (APL) has been ascribed to a chromosomal 
translocation event which results in a fusion protein comprising 
the PML protein and retinoic acid receptor alpha. PML is 
normally a component of a nuclear multiprotein complex which is 
disrupted in the APL disease state. Here, two newly defined 
cysteine/histidine-rich protein motifs called the B-box (Bl and B2) from 
PML have been characterized in terms of their effect on PML 
nuclear body formation, their dimerization, and their 

biophysical properties. We have shown that both peptides bind Zn2+, which 
induces changes in the peptides' structures. We demonstrate that mutants 
in both Bl and B2 do not form PML nuclear bodies in vivo and 
have a phenotype that is different from that observed in the APL disease 
state. Interestingly, these. . . not affect the ability of wild-type 
PML to dimerize with mutant proteins in vitro, suggesting that the Bl and 
B2 domains are involved in an additional interaction central to 
PML nuclear body formation. This report in conjunction with our 
previous work demonstrates that the PML RING-B1/B2 motif plays a 
fundamental role. 
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translocation is present in up to 30% of childhood B-cell 
acute lymphoblastic and fuses a potential dimerization motif 
from the ets-related factor TEL to the N terminus of AML1 . The t(12;21) 
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translocation encodes a 93-kDa fusion protein that localizes to 
a high-salt- and detergent-resistant nuclear compartment. This 
protein binds the enhancer core motif, TGTGGT, and interacts with the 
AML-1 -binding protein, core-binding factor beta. Although TEL/AML-1B 
retains the C-terminal domain of AML-1B that is required for 
transactivation of the T-cell receptor beta enhancer, it fails 
to activate transcription but rather inhibits the basal activity of this 
enhancer. TEL/AML-1B efficiently interferes with AML-1B dependent 
transactivation of the T-cell receptor beta enhancer, and 
coexpression of wild- type TEL does not reverse this inhibition. The 
N-terminal TEL helix-loop-helix domain is essential for 
TEL/AML-lB-mediated repression. Thus, the t(12;21) fusion 
protein dominantly interferes with AML - IB - dependent transcription, 
suggesting that the inhibition of expression of AML-1 genes is critical 
for B-cell leukemogenesis . 
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AB The Ah receptor (AHR) is a ligand-activated transcription factor 
that is structurally related to its dimerization partner, the Ah 
receptor nuclear translocator (ARNT) , and two Drosophila 

proteins, SIM and PER. All four proteins contain a region of homology now 

referred to as a PAS homology domain. In addition, the AHR, 

ARNT, and SIM harbor a basic region helix-loop-helix motif in their N 

termini, whereas PER does not. Previous mapping studies of the AHR have 

demonstrated that the PAS domain contains sequences required for 

ligand recognition, dimerization, and interaction with the 

90-kDa heat shock protein. They also have confirmed that the basic region 
helix-loop-helix domain plays a role in both 

dimerization and sequence-specific DNA binding. To identify 
domains involved in transactivation of target genes, we generated 
chimeras of AHR/ARNT deletion mutants with the DNA binding region of the. 

reporter gene under the control of a minimal promoter driven by 
enhancer elements recognized by Gal4. Extensive analysis of these 
fusions revealed that the AHR and ARNT harbor potent 
transactivation domains within their C termini. Importantly, 
the amino-terminal halves of both the AHR and ARNT were found to be devoid 
of . 
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We report here that the fusion of PML, a nuclear 

protein defined by the t(15;17) chromosomal translocation in acute 
promyelocytic leukemia, with retinoic acid receptor alpha (RAR 
alpha) changes the RAR alpha from a retinoic acid (RA) -dependent inhibitor 
to a RA-dependent activator of AP-1 transcriptional. . . a circumstance 
in which RAR alpha has no effect on AP-1 activity, PML -RAR alpha is an 
inhibitor. Deletion of the dimerization, transactivation, or 
DNA-binding domains of c-Jun and removal of the PML 
dimerization domain in the PML -RAR alpha hybrid 

abrogates their transcriptional cooperatively. In view of the association 
between AP-1 activity and hemopoietic differentiation, . 
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The dioxin receptor mediates signal transduction by dioxin 
(2,3,7,8-tetrachlorodibenzo-p-dioxin) and binds to DNA target sequences as 
a heterodimer of the approximately 100 kDa ligand binding receptor 
and the approximately 85 kDa auxiliary factor, Arnt . Both of these 
factors encompass an N-terminal basic helix-loop-helix (bHLH) motif 
required for DNA binding and dimerization. In this study we 
describe the construction of glucocorticoid/dioxin receptor 
fusion proteins which allow the regulation of glucocorticoid 
receptor activity by dioxin in transient transf ections of CHO and 
hepatoma cells. Thus, in the absence of dioxin, chimeric receptor 
constructs which contain large 500-720 amino acid C-terminal dioxin 
receptor fragments, but lack the N-terminal bHLH motif, confer 
repression upon the transcriptional activity of a glucocorticoid 
receptor derivative, tau DBD, containing its N-terminal strong 
transactivating signal (tau) and its DNA binding domain (DBD) . 
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In the presence of dioxin, this repression is reversed. Importantly, 

these chimeric receptors did not require the bHLH Arnt co-factor 

for function. A considerably smaller region of the dioxin 

receptor, located between amino acids 230 and 421, showed specific 

dioxin binding activity in vitro. Moreover, dioxin binding in vitro 

correlated with the ability of receptor fragments to form stable 

complexes in vitro with the molecular chaperone hsp90 . These findings 

support the notion that hsp90 may be important for folding of a dioxin 

binding configuration of the receptor. Finally, tau DBD 

activity was constitutively repressed in a dioxin non-responsive manner 

dioxin receptor fragments which failed to bind ligand but also 

failed to bind hsp90 in vitro, indicating that alternative mechanisms in 

addition to hsp90 binding may contribute to the inactivation function. 

summary, the dioxin receptor system provides a novel and complex 

model of regulation of bHLH factors that may also give important insights 

into the mechanism of action of ligand-activated nuclear 

receptors . 
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Fusion of the hormone binding domain (HBD) of steroid 
receptors to transcription factors renders them hormone -dependent . 
We show here that an SH3 -deleted, oncogenic variant of the Abl tyrosine 
kinase becomes hormone -dependent for transformation by fusion to 
the estrogen receptor (ER) HBD, extending the phenomenon to 
tyrosine kinases. Surprisingly, fusion of the HBD to the 
normal, non- transforming c-Abl (IV) protein activated transforming 
activity in a hormone -dependent fashion. In the presence of hormone, the 
c-Abl :ER fusion protein was transforming, cytoplasmic and 
tyrosine phosphorylated, whereas it was non-trans forming, nuclear 
and hypophosphorylated without hormone. We have examined the kinetics of 
activation of the c-Abl :ER protein and found that protein synthesis. 
c-Abl :ER protein from the nucleus to the cytoplasm. We suggest that the 
activation of c-Abl could be due to HBD-mediated dimerization 
and/or to the ability to overexpress conditionally the normally toxic 
c-Abl protein. This novel approach may be applicable to a. 
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A subset of nuclear receptors, including those for 
thyroid hormone (TR) , retinoic acid, vitamin D3 , and eicosanoids, can form 
heterodimers with the retinoid X receptor (RXR) on DNA 
regulatory elements in the absence of their cognate ligands. In a 
mammalian two-hybrid assay, we have found that recruitment of a VP16-RXR 
chimera by a Gal4-TRbeta ligand-binding domain 

fusion is enhanced up to 50 -fold by thyroid hormone (T3) . This 
was also observed with a mutant fusion, Gal4 -TR (L454A) , lacking 
ligand-inducible activation function (AF-2) and unable to interact with 
putative coactivators , suggesting that the AF-2 activity of TR or 
intermediary cof actors is not involved in this effect. The wild-type and 
mutant Gal4 -TR fusions also exhibited hormone -dependent 
recruitment of RXR in yeast. Hormone -dependent recruitment of RXR was 
also evident with another Gal4-TR mutant, AHTm, which does not interact 
with the nuclear receptor corepressor N-CoR, 

suggesting that ligand-enhanced dimerization is not a result of 
T3 -induced corepressor release. Finally, we have shown that the 
interaction between RXR and TR is. . . effect. We propose that 
ligand- dependent heterodimerization of TR and RXR in solution may provide 
a further level of control in nuclear receptor 
signaling. 
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The Ah receptor (AHR) is a ligand-activated transcription factor 
that is structurally related to its dimerization partner, the Ah 
receptor nuclear translocator (ARNT) , and two Drosophila 

proteins, SIM and PER. All four proteins contain a region of homology now 

referred to as a PAS homology domain. In addition, the AHR, 

ARNT, and SIM harbor a basic region helix-loop-helix motif in their N 

termini, whereas PER does not. Previous mapping studies of the AHR have 

demonstrated that the PAS domain contains sequences required for 

ligand recognition, dimerization, and interaction with the 

90-kDa heat shock protein. They also have confirmed that the basic region 

helix- loop-helix domain plays a role in both 

dimerization and sequence-specific DNA binding. To identify 

domains involved in transactivation of target genes, we generated 

chimeras of AHR/ ARNT deletion mutants with the DNA binding region 

of the yeast Gal4 protein, transiently expressed these in COS-1 cells, . 

reporter gene under the control of a minimal promoter driven by 
enhancer elements recognized by Gal4 . Extensive analysis of these 
fusions revealed that the AHR and ARNT harbor potent 
transactivation domains within their C termini. Importantly, 
the amino-terminal halves of both the AHR and ARNT were found to be devoid 
of. . . 



AUTHOR : 

CORPORATE SOURCE 



CONTRACT NUMBER: 
T32 CA09560 
T32 ES07124 

SOURCE : 



PUB . COUNTRY : 
DOCUMENT TYPE 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



L8 ANSWER 3 OF 3 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



AUTHOR : 

CORPORATE SOURCE: 



SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB We report here 
protein define 



MEDLINE on STN 
94022372 MEDLINE 
PubMed ID: 8415704 

The PML-retinoic acid receptor alpha translocation converts 

the receptor from an inhibitor to a retinoic acid-dependent 

activator of transcription factor AP-1. 

Doucas V; Brockes J P; Yaniv M; de The H; Dejean A 

Departement des Biotechnologies, Institut Pasteur, Paris, 

France. 

Proceedings of the National Academy of Sciences of the 
United States of America, (1993 Oct 15) 90 (20) 9345-9. 
Journal code: 7505876. ISSN: 0027-8424. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199311 

Entered STN: 19940117 
Last Updated on STN: 19940117 
Entered Medline: 19931119 
that the fusion of PML, a nuclear 
:d by the t(15;17) chromosomal translocation in acute 



promyelocytic leukemia, with retinoic acid receptor alpha (RAR 

alpha) changes the RAR alpha from a retinoic acid (RA) -dependent inhibitor 

to a RA-dependent activator of AP-1 transcriptional activity. The PML-RAR 

alpha chimera cooperates with c-Jun and, strikingly, with c-Fos 

to stimulate the transcription of both synthetic and natural reporter 

genes containing an. . .a circumstance in which RAR alpha has no 

effect on AP-1 activity, PML-RAR alpha is an inhibitor. Deletion of the 

dimerization, transactivation, or DNA-binding domains of 

c-Jun and removal of the PML dimerization domain in 

the PML-RAR alpha hybrid abrogates their transcriptional cooperatively. 
In view of the association between AP-1 activity and hemopoietic 
differentiation, . 
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A subset of nuclear receptors, including those for 

thyroid hormone (TR) , retinoic acid, vitamin D3 , and eicosanoids, can form 
heterodimers with the retinoid X receptor (RXR) on DNA 
regulatory elements in the absence of their cognate ligands. In a 
mammalian two-hybrid assay, we have found that recruitment of a VP16-RXR 
chimera by a Gal4-TRbeta ligand-binding domain 

fusion is enhanced up to 50 -fold by thyroid hormone (T3) . This 

was also observed with a mutant fusion, Gal4 -TR (L454A) , lacking 

ligand- inducible activation function (AF-2) and unable to interact with 

putative coactivators , suggesting that the AF-2 activity of TR or 

intermediary cof actors is not involved in this effect. The wild-type and 

mutant Gal4 -TR fusions also exhibited hormone -dependent 

recruitment of RXR in yeast. Hormone -dependent recruitment of RXR was 
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also evident with another Gal4 -TR mutant, AHTm, which does not interact 
with the nuclear receptor corepressor N-CoR, 

suggesting that ligand-enhanced dimerization is not a result of 
T3 -induced corepressor release. Finally, we have shown that the 
interaction between RXR and TR is. . . effect. We propose that 
ligand-dependent heterodimerization of TR and RXR in solution may provide 
a further level of control in nuclear receptor 
signaling. 
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AB The Ah receptor (AHR) is a ligand-activated transcription factor 
that is structurally related to its dimerization partner, the Ah 
receptor nuclear translocator (ARNT) , and two Drosophila 

proteins, SIM and PER. All four proteins contain a region of homology now 

referred to as a PAS homology domain. In addition, the AHR, 

ARNT, and SIM harbor a basic region helix-loop-helix motif in their N 

termini, whereas PER does not. Previous mapping studies of the AHR have 

demonstrated that the PAS domain contains sequences required for 

ligand recognition, dimerization, and interaction with the 

90-kDa heat shock protein. They also have confirmed that the basic region 
helix-loop-helix domain plays a role in both 

dimerization and sequence-specific DNA binding. To identify 

domains involved in transactivation of target genes, we generated 

chimeras of AHR/ ARNT deletion mutants with the DNA binding region 

of the yeast Gal4 protein, transiently expressed these in COS-1 cells, . 

. reporter gene under the control of a minimal promoter driven by 

enhancer elements recognized by Gal4 . Extensive analysis of these 

fusions revealed that the AHR and ARNT harbor potent 

transactivation domains within their C termini. Importantly, 

the amino-terminal halves of both the AHR and ARNT were found to be devoid 

of . 
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AB We report here that the fusion of PML, a nuclear 

protein defined by the t(15;17) chromosomal translocation in acute 

promyelocytic leukemia, with retinoic acid receptor alpha (RAR 

alpha) changes the RAR alpha from a retinoic acid (RA) -dependent inhibitor 

to a RA-dependent activator of AP-1 transcriptional activity. The PML -RAR 

alpha chimera cooperates with c-Jun and, strikingly, with c-Fos 

to stimulate the transcription of both synthetic and natural reporter 

genes containing an. . . a circumstance in which RAR alpha has no 

effect on AP-1 activity, PML -RAR alpha is an inhibitor. Deletion of the 

dimerization, transactivation, or DNA-binding domains of 

c-Jun and removal of the PML dimerization domain in 

the PML -RAR alpha hybrid abrogates their transcriptional cooperatively. 
In view of the association between AP-1 activity and hemopoietic 
differentiation, . 
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to stimuli such as hypoxia and environmental pollutants, mediated 
respectively by hypoxia inducible factors (HIF-alpha) and the dioxin (aryl 
hydrocarbon) receptor (DR) . The bHLH proteins contain a basic 
DNA binding sequence adjacent to a helix-loop-helix dimerization 
domain. Dimerization among bHLH. PAS proteins is 

additionally regulated by the PAS region, which controls the specificity 

of partner choice such that HIF-alpha and DR must dimerize with the aryl 

hydrocarbon nuclear translocator (Arnt) to form functional DNA 

binding complexes. Here, we have analyzed purified bacterially expressed 

proteins encompassing the N- terminal bHLH and bHLH. PAS regions of Arnt, 

DR # and HIF-lalpha and evaluated the contribution of the PAS 

domains to DNA binding in vitro. Recovery of functional DNA 

binding proteins from bacteria was dramatically enhanced by coexpression 

of the. . . Arnt. Formation of stable protein-DNA complexes by DR/Arnt 
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and HIF-lalpha/Arnt heterodimers with their cognate DNA sequences required 
the PAS A domains and exhibited KD values of 0.4 nM and 

approximately 50 nM, respectively. In contrast, the presence of the PAS 
domains of Arnt had little effect on DNA binding by Arnt 

homodimers, and these bound DNA with a KD of 45. . . In the case of the 

DR # both high affinity DNA binding and dimer stability were specific to 

its native PAS domain, since a chimera in which the 

PAS A domain was substituted with the equivalent domain 

of Arnt generated a destabilized protein that bound DNA poorly. 
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The mineralocorticoid receptor (MR) is a hormone -dependent 

regulator of gene transcription that in the absence of ligand resides both 
in the cytoplasm and. . . MRs residing in the nucleus and cause 
aggregation of MRs into distinct clusters. To identify the functional 
determinants of MR nuclear organization, we examined the 
localization pattern of wild type MR and a series of mutants in the 
presence and absence of ligands using fluorescent protein chimeras 
in living cells. Our data show that although MR DNA binding is not 
necessary to mediate nuclear localization, it is absolutely 
required for wild type cluster formation as is an intact N-terminal or 
C- terminal activation function. In contrast, destabilization of a 
dimerization motif within the DNA-binding domain has no 
effect on subnuclear receptor architecture. These data suggest 
that normal MR cluster formation is dependent on both DNA binding and 
intact transcriptional activation functions but not on DNA-dependent 
receptor dimerization. Because dimer mutants bind with 

high affinity to hormone response element DNA multimers but not to single 
palindromic DNA sites, . 
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AB Rainbow trout aryl hydrocarbon receptor (AHR) nuclear 

translocator isoform a (rtARNTa) has a negative function in AHR-mediated 

signal transduction. Previous analyses suggest that the negative function 

is. . . 57 C-terminal amino acids that are strongly hydrophobic. To 

assess the negative activity of rtARNTa at the molecular level, 

hydrophobic -rich domains corresponding to amino acids 601-637, 

601-631, and 616-631 were analyzed for the ability to affect the function 

of truncated rtARNT proteins in complementation and gel shift assays. 

Addition of the hydrophobic -rich domains to these proteins 

reduced their ability to complement AHR-mediated signal transduction in 

mouse hepatoma cells by 65-95%. The decrease in. . . related to a 

reduced ability of the AHR. rtARNT complex to bind DNA and not due to a 

lack of dimerization with AHR. Expression of the 

hydrophobic -rich domains on Gal4 proteins showed that the 

C-terminal domain of rtARNTa was unlikely to contain 

transact ivat ion function; however, the hydrophobic domains 

reduced the ability of the Gal4 proteins to bind DNA. Immunoprecipitation 
and mutational experiments indicate that the hydrophobic -rich 
domains do not interact with the bHLH motif of AHR. 

Interestingly, immunoprecipitation experiments also revealed that the 
C-terminal hydrophobic -rich region of rtARNTa could oligomerize in vitro 
in a chimera with the Gal4 DNA binding domain. These 

findings indicate that the C-terminal hydrophobic amino acids are critical 
for the negative function of rtARNTa in AHR-mediated signaling. 
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AB biological role of STATs. To this end, we have developed a 

conditionally active STAT by fusing STATs with the ligand-binding 
domain of the estrogen receptor (ER) . We have 
demonstrated that the resulting STAT-ER chimeras are 

estrogen-inducible transcription factors that retain the functional and 
biochemical characteristics of the cognate wild-type STATs. In addition, 
these tools have allowed us to evaluate separately the contribution of 
tyrosine phosphorylation and dimerization to STAT function. We 
have for the first time provided experimental data supporting the model 
that the only apparent role of STAT tyrosine phosphorylation is to drive 
dimerization, as dimerization alone is sufficient to 



unmask a latent STAT nuclear localization sequence and induce 
nuclear translocation, sequence-specific DNA binding, and 
transcriptional activity. 
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The ligand binding domain (LBD) of thyroid hormone (T3) 
receptors contains subdomains that participate in transcriptional 
activation, hormone -relieved repression and dimerization . A 
sequence conserved within the nuclear receptor 

superfamily is found at positions 397-405 of the 408-amino acid chicken T3 
receptor -alpha (cTR alpha) and is deleted in the related avian 
v-erbA. Since v-erbA exhibits compromised ligand binding and 
transcriptional activation, this. . . reduced ligand-dependent 
transcriptional activity. The loss of transcriptional activity in cTR 
alpha (1-392) is not caused by impaired DNA binding or receptor 
dimer formation. Proteolytic protection assays reveal that both 
transcriptionally active and inactive cTR alpha derivatives undergo 
T3 -mediated conformational changes. Gal4 chimeras containing 
the final 16, 35 or 44 amino acids of cTR alpha indicate that the 
conserved C-terminal region does not function as an independent 
transact ivation domain. Our results are consistent with a model 
in which ligand plays a structural role to position the conserved 
C-terminal regions of cTR alpha and related receptors in a 
transcriptionally active conformation. 
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AB A subset of nuclear receptors, including those for 

thyroid hormone (TR) , retinoic acid, vitamin D3 , and eicosanoids, can form 

heterodimers with the retinoid X receptor (RXR) on DNA 

regulatory elements in the absence of their cognate ligands. In a 

mammalian two-hybrid assay, we have found that recruitment of a VP16-RXR 

chimera by a Gal4-TRbeta ligand-binding domain fusion is 

enhanced up to 50 -fold by thyroid hormone (T3) . This was also observed 

with a mutant fusion, Gal4 -TR (L454A) , lacking. . . in yeast. 

Hormone -dependent recruitment of RXR was also evident with another Gal4 -TR 

mutant, AHTm, which does not interact with the nuclear 

receptor corepressor N-CoR, suggesting that ligand- enhanced 

dimerization is not a result of T3 -induced corepressor release. 

Finally, we have shown that the interaction between RXR and TR is. 

effect. We propose that ligand-dependent heterodimerization of TR and RXR 

in solution may provide a further level of control in nuclear 

receptor signaling. 
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AB OR1 is a member of the steroid/ thyroid hormone nuclear 

receptor superfamily which has been described to mediate 

transcriptional responses to retinoids and oxysterols. On a DR4 response 

element, an 0R1 heterodimer with the nuclear receptor 

retinoid X receptor alpha (RXR alpha) has been described to 

convey transcriptional activation in both the absence and presence of the 

RXR ligand. . . retinoic acid, the mechanisms of which have remained 

unclear. Here, we dissect the effects of RXR alpha and OR1 ligand-binding 

domain interaction on transcriptional regulation and the role of 

the respective carboxy- terminal activation domains (AF-2s) in 

the absence and presence of the RXR ligand, employing chimeras 

of the nuclear receptors containing the heterologous 

GAL4 DNA-binding domain as well as natural receptors. 

The results show that the interaction of the RXR and OR1 ligand-binding 

domains unleashes a transcription activation potential that is 

mainly dependent on the AF-2 of OR1, indicating that interaction with RXR 

activates 0R1 . This defines dimerization-induced activation as 

a novel function of heterodimeric interaction and mechanism of 

receptor activation not previously described for nuclear 

receptors. Moreover, we present evidence that activation of 0R1 

occurs by a conformational change induced upon heterodimerization with 

RXR. 
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for the different physiological effects of testosterone (T) and 
dihydrotestosterone (DHT) was investigated using recombinantly expressed 
wild-type and mutant androgen receptor (AR) . Rates of androgen 
dissociation from nuclear and cytoplasmic AR were compared with 
hormone- and concentration-dependent receptor degradation rates. 
T dissociates from AR 3 times faster than DHT or methyltrienolone (R1881) 
and is less effective in stabilizing the receptor. Analysis of 
AR deletion mutants and AR/glucocorticoid receptor 
chimeras indicates that the AR NH2 -terminal domain has a 
specific role in stabilizing the receptor by slowing the rate of 
ligand dissociation and AR degradation. Amino acid mutations that abolish 
receptor dimerization, nuclear localization, 

or DNA-binding activity have no significant effect on androgen 
dissociation or AR degradation. A naturally occurring steroid-binding 
domain mutation (Val889 to Met) that causes androgen 

insensitivity, but does not alter equilibrium androgen binding affinity, 
lowered the androgen -binding capacity as a result of increased rates of 
androgen dissociation and AR degradation. Thus, AR stabilization and 
function require prolonged receptor occupancy with androgen, 
with a similar extent -of stabilization observed at higher concentrations 
of faster dissociating androgens and lower concentrations of slower 
dissociating androgens. Retention of receptor-bound androgen is 
enhanced by an interaction between the AR NH2 -terminal and steroid-binding 
domains. The ligand specificity and concentration dependence of 
receptor stabilization provide an explanation for physiological 
differences in the actions of T and DHT. 
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The Ah receptor (AHR) is a ligand-activated transcription factor 
that is structurally related to its dimerization partner, the Ah 
receptor nuclear translocator (ARNT) , and two Drosophila 

proteins, SIM and PER. All four proteins contain a region of homology now 

referred to as a PAS homology domain. In addition, the AHR, 

ARNT, and SIM harbor a basic region helix-loop-helix motif in their N 

termini, whereas PER does not. Previous mapping studies of the AHR have 

demonstrated that the PAS domain contains sequences required for 

ligand recognition, dimerization, and interaction with the 

90-kDa heat shock protein. They also have confirmed that the basic region 
helix- loop-helix domain plays a role in both 

dimerization and sequence-specific DNA binding. To identify 

domains involved in transactivation of target genes, we generated 

chimeras of AHR/ ARNT deletion mutants with the DNA binding region 

of the yeast Gal4 protein, transiently expressed these in COS-1 cells, . 

by enhancer elements recognized by Gal4. Extensive analysis of these 
fusions revealed that the AHR and ARNT harbor potent transactivation 
domains within their C termini. Importantly, the amino-terminal 
halves of both the AHR and ARNT were found to be devoid of. 
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We report here that the fusion of PML, a nuclear protein defined 
by the t(15;17) chromosomal translocation in acute promyelocytic leukemia, 
with retinoic acid receptor alpha (RAR alpha) changes the RAR 
alpha from a retinoic acid (RA) -dependent inhibitor to a RA-dependent 
activator of AP-1 transcriptional activity. The PML -RAR alpha 
chimera cooperates with c-Jun and, strikingly, with c-Fos to 
stimulate the transcription of both synthetic and natural reporter genes 
containing an. . . a circumstance in which RAR alpha has no effect on 
AP-1 activity, PML -RAR alpha is an inhibitor. Deletion of the 
dimerization, transactivation, or DNA-binding domains of 
c-Jun and removal of the PML dimerization domain in 

the PML -RAR alpha hybrid abrogates their transcriptional cooperatively. 
In view of the association between AP-1 activity and hemopoietic 
differentiation, . 
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